two cases illustrate the fundus findings consistent with leukemic choroidal infiltration that can represent the first sign of relapsed leukemia. The successful treatment of these patients hinges on collaboration between ophthalmologists and oncologists to optimize patient outcomes, highlighting the need for both groups to be aware of this rare ophthalmic presentation.
Introduction
While ophthalmic involvement is a well-documented complication of leukemia, it is rare for ophthalmic findings to be the initial manifestation of new or relapsed disease [1, 2] . Additionally, when eye findings are present, they usually manifest simultaneously and bilaterally in systemic diseases such as leukemia. We report two cases of unilateral ocular involvement as the initial manifestation of relapsed leukemia in two patients without prior evidence of central nervous system involvement. Additionally, a thorough literature search was conducted (PubMed, keywords: 'leukemia', 'ocular', 'eye', and 'adult') to review the variety of presentations of ocular leukemic disease and highlight the uncommon features of these cases. These examples emphasize the need for ophthalmologists and oncologists alike to be aware of the full spectrum of ocular signs of leukemia, as a prompt and thorough systemic workup and treatment in these cases may not only salvage the patient's sight but also be lifesaving.
Case 1
A 59-year-old male physician with Philadelphia chromosome (BCR-ABL)-positive acute lymphoid leukemia (ALL), in complete remission after myeloablative chemotherapy and matched related donor hematopoietic stem cell transplant 18 months prior, presented with progressive irritation, redness, and decreased vision in his left eye over 1 month.
His past ocular history was notable for recent episodes of anterior uveitis and scleritis in the left eye only, which were previously treated with topical and systemic steroids, difluprednate and prednisone, respectively. He was also on imatinib mesylate (Gleevec, Novartis Pharmaceutical Corp., East Hanover, N.J., USA) as maintenance therapy for his hematologic disease.
On presentation to our clinic, his best-corrected visual acuity was 20/20 in the right eye (OD) and counting fingers in the left eye (OS). His intraocular pressures were 24 mm Hg OD and 20 mm Hg OS. The slit-lamp examination of the right eye was unremarkable. The left eye had rare cells in the anterior chamber, mild nuclear sclerotic cataract, and 2+ vitreous cells. The fundus exam was notable for a retinal detachment with shifting subretinal fluid, with inferior choroidal thickening and effusions ( fig. 1 a) . Central serous retinopathy was an initial consideration for this patient's presentation, but most concerning to the ophthalmologist was the potential diagnosis of leukemic infiltration causing the choroidal thickening and serous detachment given the patient's past medical history. However, the patient's bone marrow biopsy 3 months prior did not show any signs of recurrence, and molecular studies showed that BCR-ABL or the Philadelphia chromosome, a fusion gene of chromosomes 9 and 22 present in this patient's form of ALL, was not detected. Given this recent negative testing, these eye findings alone were not accepted as signs of relapsed ALL by his oncologist.
One month later, the patient returned with worsening scleritis, uveitis, and a blood-tinged hypopyon with neovascularization of the iris ( fig. 1 b) . At this time, he had a total retinal detachment with persistent choroidal effusions further increasing the ophthalmologist's suspicion for leukemic recurrence. However, the patient's oncologists remained uncertain that the ocular manifestations could be a sign of relapsed disease given the lack of systemic findings. He was followed with repeat BCR-ABL testing every few months, which remained negative. Over the next 6 months, the patient's vision continued to deteriorate to light perception, and the possibility of malignant infiltration was discussed repeatedly; however, the patient deferred biopsy or surgical intervention for his ocular manifestations. When the eye became painful, enucleation of the eye was considered; however, prior to the procedure, he presented to the emergency room with severe headache, fatigue, and weight loss. Cerebrospinal fluid sampling at that time showed clear evidence of central nervous system leukemia, with over 3,000 white cells, 72% of which were blasts. At this time, he received intrathecal chemotherapy and high-dose methotrexate. Systemic therapy with dasatinib (Sprycel, Bristol-Meyers Squibb, Princeton, N.J., USA) was also initiated, and radiation treatment of 20 Gy to the left orbit was delivered. His vision remained 20/25 in the right eye without any fundus changes and light perception in the left eye without pain. He is currently receiving ongoing neuro-oncologic treatment for his relapsed disease.
Case 2
A 57-year-old male with a history of acute myeloid leukemia (AML; normal cytogenetics with Flt-3 and NPM-negative), in complete remission for 4 years after induction chemotherapy with daunorubicin and high-dose cytarabine (HIDAC), consolidation chemotherapy with 3 cycles of HIDAC and autologous stem cell transplant followed by maintenance 5-azacytadine, was admitted to an outside hospital with progressive right eye pain, redness, and swelling. He was presumed to have a right orbital cellulitis, but a lack of improvement on broad-spectrum antimicrobials prompted transfer to our institution.
On presentation, the patient's visual acuity was decreased to 20/200 OD and stable at 20/20 OS. His intraocular pressure was elevated at 49 mm Hg OD and normal at 17 mm Hg OS. Slit-lamp examination was notable for right periorbital erythema and edema, diffusely injected conjunctiva, microcystic corneal edema, and a shallow anterior chamber. Examination of the left eye was unremarkable, including a deep and quiet anterior chamber. Gonioscopy revealed no visible angle structures OD, consistent with a closed angle, while OS, the angle was open to scleral spur 360°.
A B-scan ultrasound showed a diffusely thickened choroid, and ultrasound biomicroscopy confirmed secondary angle closure due to anterior rotation of the lens-iris diaphragm. Intraocular pressure-lowering medications and cyclopentolate were started. After the intraocular pressure began to improve, diffuse irregular choroidal elevation was seen on fundus examination of the right eye. Fluorescein angiography showed pinpoint leakage in the inferotemporal periphery and diffuse late subretinal leakage ( fig. 2 ) . 
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As the patient's leukocyte count was elevated to 33,700 with numerous monocytes and rare blasts on a peripheral smear, leukemic recurrence was of concern to both the ophthalmology and oncology teams. An initial bone marrow biopsy, cytogenetics and next-generation sequencing did not show any signs of relapsed or new leukemic disease. Lumbar puncture and CT-PET scan to evaluate for extramedullary disease were negative and systemic chemotherapy was deferred.
As choroidal thickening progressed and given the high suspicion for leukemic involvement, the patient was offered a choroidal biopsy but deferred in favor of empiric radiation treatment. Irradiation to the right eye was initiated 2 weeks after symptom onset for a total of 20 Gy delivered over 10 fractions with dramatic improvement in his visual acuity to 20/15, normalization of his intraocular pressure, and resolution of the choroidal thickening by day 3 of treatment ( fig. 3 ) .
Two weeks after beginning radiation to the right eye, the patient developed similar symptoms and choroidal thickening in the left eye as well as worsening thrombocytopenia. A repeat hematological evaluation showed findings consistent with chronic myelomonocytic leukemia. He subsequently had radiation therapy with 20 Gy delivered to the left eye. He was started on decitabine for worsening thrombocytopenia. After 4 cycles of treatment, the patient presented with recurrent left eye conjunctival injection and choroidal thickening. Bone marrow biopsy revealed 5% blasts and a new mutation. He was re-induced with HIDAC and within a week, his eye symptoms and choroidal thickening resolved. However, a repeat bone marrow biopsy performed 4 weeks later revealed transformation to AML with 29% blasts. The patient underwent an unrelated donor stem cell transplant and is currently in remission 9 months later.
Discussion and Review of the Literature
In both of the above-described cases, unilateral ocular involvement was the initial manifestation of relapsed acute leukemia that was otherwise thought to be in complete remission. Serous retinal detachment is an uncommon presentation of new or relapsed leukemic disease, but it has been previously reported in cases of ALL and AML in the adult population. In the majority of reported cases of serous retinal detachment or choroidal infiltration, the systemic disease had been diagnosed prior to the development of ocular symptoms [3] [4] [5] [6] [7] [8] [9] . A review of the literature revealed only 5 cases of decreased vision and serous retinal detachment as initial presenting signs of new leukemia in an adult patient [10] [11] [12] [13] [14] . Kim et al. [10] and Yoshida et al. [11] both described adult women presenting with bilateral serous retinal detachments as the initial sign of Philadelphia chromosome-positive ALL. In both cases, the serous detachments completely resolved with full recovery of vision once systemic chemotherapy was promptly initiated. Riss et al. [12] and Caillaux et al. [13] described similar presentations of bilateral serous detachments revealing a new diagnosis of AML in two adult patients. In all of these cases, the patients presented with bilateral simultaneous serous retinal detachments while in both of our patients, the initial ophthalmic involvement was unilateral.
There are additionally four cases in the literature of retinal involvement in adults as the initial sign of relapsed leukemic disease as in our patients. However, all prior cases had a much shorter time from remission to retinal infiltrative disease as a marker of relapse, with only 3-5 months of a disease-free period compared to the 18 months and 4 years seen in each of our patients [14] [15] [16] [17] . Wu et al. [15] described a 30-year-old woman with AML type M4-M5 who was in complete remission documented by bone marrow aspiration and presented with decreased vision, bilateral serous retinal detachments, and choroidal infiltration 3 months later. As she had no systemic evidence of relapsed disease, oncology initially de- ferred treatment. Only after choroidal biopsy and repeat bone marrow workup 3 months later demonstrated relapsed disease was chemotherapy restarted [15] . Similarly, three other cases are reported in the literature, one with bilateral choroidal elevation and two with bilateral simultaneous serous retinal detachments. The time from remission to presentation with ocular symptoms ranged from just a few weeks to 5 months after remission in these cases [14, 16, 17] . Further, choroidal infiltration causing angle closure, as in our second case, is exceedingly rare. There is only one other report of a patient who presented with bilateral angle closure and proptosis due to uveoscleral thickening in the setting of leukemia [18] . This patient already had an established diagnosis of AML at the time of visual symptoms, and his presentation was bilateral. In the case of our patient, the disease was in remission for several years, and he did not develop symptoms in the second eye until after radiation treatment was initiated for the first eye. In both cases presented in this report, the unilaterality of symptoms and findings made the diagnosis of relapsed disease particularly challenging.
Ocular manifestations of leukemia may present as direct infiltration of the conjunctiva, uvea, optic nerve or orbit or as secondary changes due to the hematologic changes associated with leukemia such as anemia, thrombocytopenia, hyperviscosity, and opportunistic infections [2, 19] . Studies have shown varying prevalence of leukemic involvement of the eye ranging from 50-80% with a higher incidence of involvement in histopathologic postmortem studies [1, 20] . This is likely explained by the often subtle clinical signs that may indicate ocular involvement, particularly choroidal involvement. A higher incidence of ocular involvement, including choroidal infiltration, is seen in eyes with acute leukemia compared to chronic leukemia: 80 versus 29% [20] . If clinically evident choroidal infiltration is present, it most often presents with retinal pigmentary changes, thickening, and serous retinal detachment in the most conspicuous cases [1] . Serous retinal detachment is thought to occur due to direct leukemic infiltration of the choroid causing decreased blood flow in the choriocapillaris, resulting in ischemia to the overlying retinal pigment epithelium (RPE) and disrupting intercellular tight junctions and the ability of the RPE to effectively pump fluid [21, 22] . Special ancillary tests, such as fluorescein angiography and B-scan ultrasonography, may be especially helpful in making the diagnosis of choroidal infiltration. Fluorescein angiography reveals diffuse pinpoint leakage, while B-scan ultrasonography may reveal serous detachment or choroidal thickening [22, 23] .
Intraocular manifestations of leukemia such as those described in these cases should prompt a thorough systemic workup. Systemic treatment is recommended first in these cases, but if not an option or if the ocular disease is not responsive, ocular radiation may be implemented. The dose of external beam radiation required in these cases is usually lower than that required for lymphoma and is most commonly 20 Gy delivered at fractions of 1.5-2 Gy daily [24] . If left untreated, leukemic ocular infiltrative disease may cause significant visual loss; however, it is usually very responsive to systemic treatment with chemotherapy, local radiation treatment to the eye, or a combination of both.
Physicians should be aware that unilateral eye findings can be an initial manifestation of recurrent leukemia, and in patients with a past history of leukemia, practitioners must maintain a heightened awareness for relapsed hematologic disease. Both of these cases show that leukemic involvement of the eye may mimic other disease, such as central serous retinopathy in the first case or infectious cellulitis in the second case, and the unilateral nature of symptoms may make the diagnosis of a systemic etiology particularly difficult. Prompt referral to an ophthalmologist will help determine if there is a high suspicion for relapsed leukemia and systemic treatment is often integral to resolution of the ocular problems.
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